Abstract-The debate on the generalizability of the SPRINT (Systolic Blood Pressure Intervention Trial) findings raised considerable interest in the technique of unattended office blood pressure (BP) measurement. It remains elusive, however, whether unattended BP measurement yields lower values than conventional measurements in a real world setting with subjects consulting their personal general practitioner in a familiar office. We performed a cross-sectional study in 158 patients in 4 general practitioners' offices and compared conventional auscultatory office BP to unattended automated office BP in 107 subjects (group 1) and unattended to attended automated office BP in another 51 subjects (group 2). Unattended BP was calculated as the mean of 3 automated measurements performed in a separate room after 5 minutes of rest. Additionally, patients documented home BP for 7 days after the consultation. 
H ypertension is one of the most common medical disorders and affects >1 billion people worldwide. 1 As an independent risk factor for heart failure, coronary events, stroke, and end-stage renal disease, its treatment is of outstanding relevance in cardiovascular primary and secondary prevention strategies, and antihypertensive drugs belong to the most frequently prescribed medications worldwide. 2 In the era of treat to target approaches, it is remarkable that high quality randomized controlled trials on treatment targets in hypertension are nevertheless rare. The SPRINT (Systolic Blood Pressure Intervention Trial) aimed to fill this lack of evidence and demonstrated that subjects at high cardiovascular risk benefit from a more intense blood pressure (BP) control. 3 At the time of publication, it was supposed that this clinical trial will change practice as stated in the accompanying editorial. 4 Indeed, some countries decided to modify treatment targets in their hypertension guidelines, among them Canada and Australia. 5, 6 Several other associations, however, refrained from doing so, primarily because of an ongoing discussion on the BP measurement technique in SPRINT.
BP was measured as the mean of 3 consecutive automated oscillometric measurements. The BP device was set to delay 5 minutes before starting the measurements and staff was asked to push the button and leave the room for the resting time. 7 This approach was called unattended BP measurement by several authors. 8 It was speculated that this technique might lead to substantially lower values than the usual office measurement by the medical staff because of the lacking alert reaction. Deviations were supposed to range from 5 to 20 mm Hg, but data with current BP monitors that allowed an unattended start of the measurement sequence-as used in SPRINT-were lacking. 9 A recent work attracted considerable attention and rendered support to the hypothesis of a substantial difference between conventional and unattended BP. It compared an unattended automated measurement technique to manual office and ambulatory BP. 10 Office measurements took place in 3 hypertension centers. The authors reported a difference of 16 mm Hg between unattended automated and manual office BP measurements. If these substantial differences represented the real life situation, the interpretation of the SPRINT findings would indeed need a critical reevaluation. The study by Filipovský et al 10 was therefore frequently cited in the debate on the conclusions of SPRINT. 8, 11, 12 Three aspects, however, should be considered: first, a different BP
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February 2018 monitor was used (BpTRU Medical Devices Ltd, Coquitlam, BC). Second, unattended BP measurement was performed 6× instead of 3. Third, the study took place in a specialized hypertension center and not at the patients' general practitioner (GP). Differences in attended and unattended BP are a consequence of the white-coat effect. We wondered, whether this effect remained such prominent in a real life setting of a patient and his familiar GP in a primary care institution. The present study therefore compared unattended BP measured by the SPRINT device to conventional auscultatory office and home BP. In a second step, it compared unattended and attended automated office BP.
Methods
Study Population and Protocol
Measurements took place in 4 GPs' offices. One hundred fifty-eight patients that attended the office for clinical routine examinations were examined. Preexisting hypertension was defined as inclusion criterion. All of the participants attended these offices for at least 1 year. Hypertension was documented by either the intake of antihypertensive medication or a BP ≥140/90 mm Hg. Febrile conditions and hypotension (systolic BP <100 mm Hg) were regarded as exclusion criteria. Automated unattended BP measurement was conducted by an Omron 907 BP monitor (Omron Healthcare) in a separate room according to the SPRINT protocol. After 5 minutes of unattended rest in a sitting position, the measurement procedure started yielding 3 consecutive measurements. The mean of these 3 measurements was used for statistical analysis. In each office, the same person that performed the conventional BP measurement was responsible for the automated measurement as well. These people were trained in the Omron device and the protocol of unobserved BP measurement. Auscultatory office BP was measured by the medical staff according to the office's routine procedure by aneroid sphygmomanometers (1 measurement). Concerning these conventional measurements, we refrained from any kind of training to obtain real life conditions. Auscultatory measurements took place right before the automated measurements. All the patients were instructed to measure and document home BP for 7 days after their consultation of the GP. All of them (n=107) delivered values. The mean number of daily measurements was 1.8±1.1. All of the subjects made use of their own automated BP monitors, 36 (33.64%) of which were wrist and 71 (66.36%) were upper arm devices. In a second group of 51 patients, office BP was measured 3× in an automated manner by the Omron device with and without an observer in the room (attended versus unattended automated office BP) according to the protocol described above. The unattended and attended measurements were performed in a random order.
The difference between manual and unattended automated office BP was regarded as the primary end point of the study. Filipovský et al 10 described a difference of 16 mm Hg between these values. We expected a maximal difference of 10 mm Hg in a familiar environment. A sample size of 63 has 90% power to detect a difference in means of 10 mm Hg by a paired t test assuming that the common SD is 20 mm Hg with an α-significance level of 0.01. We pragmatically increased this number to ≥100 patients (group 1). Thus, each office was asked to enroll at least 25 patients in stage 1 of the study.
Statistical Analysis
Numeric data are presented as mean±SD, number of antihypertensive drugs, and age as median and range. Tukey mean-difference plots (Bland-Altmann plots) were constructed to compare automated unattended BP (mean of the 3 obtained measurements) to auscultatory office BP and home BP (mean of all provided values).
Bias and limits of agreement (bias±2×SD) were derived from Bland-Altmann analysis. BP values by the 3 measurement techniques were compared using 1-way ANOVA with Tukey post hoc analysis in group 1 and by paired 2-sided Student t tests in group 2. Additionally, Pearson correlation analyses were performed to assess the association of the different BP values. P<0.05 was regarded statistically significant. All statistical analyses were done using SPSS Statistics 21 (SPSS Inc, Chicago, IL) or Prism 6 (GraphPad Software, La Jolla, CA).
Results
One hundred fifty-eight subjects were enrolled in the study. In stage 1 of the study, GP 1 enrolled 27 subjects, GP 2 26 subjects, GP 3 29 subjects, and GP 4 25 subjects (group 1, n=107 subjects). In a second step, GP 3 enrolled 26 subjects and GP 4 another 25 subjects to compare unattended and attended automated office BP (group 2, n=51 subjects). In group 1, median age was 69.5 years (range, 21-97), including 54.2% males and 45.8% females. Of subjects, 90.7% were on antihypertensive medication. In group 2, median age was 65 years (range, 43-87), including 58.8% males and 41.2% females. Of subjects, 98.0% were on antihypertensive medication. Table 1 summarizes the demographic and medical characteristics of the overall study population. All the automated BP measurements were successfully taken by the Omron 907 monitor and 1 auscultatory measurement was successfully performed in all the participants. All the participants provided ambulatory BP values. The mean number of values provided by each participant was 12.4±6.5 corresponding to a mean daily number of values of 1.8±1.1 within 7 days after the consultation of the GP. In group 1, the mean systolic auscultatory office BP was 144.6±20.9 mm Hg, mean systolic unattended automated BP 144.1±19.1 mm Hg, and mean systolic home BP 135.5±12.4 mm Hg. As presented in Table 2 , ANOVA analysis revealed a significant difference between the 3 groups (P=0.0002). Tukey post hoc analyses showed that differences existed only for systolic auscultatory office versus home BP and systolic unattended automated office BP versus home BP (P<0.01 each) but not between systolic auscultatory and unattended automated office BP (P>0.05). Both auscultatory and unattended office BP were higher than home BP. The mean diastolic auscultatory office BP was 81.0±10.6 mm Hg, mean diastolic unattended automated BP 79.9±11.4 mm Hg, and mean diastolic home BP 78.3±8.6 mm Hg. There were no significant differences of diastolic BP values obtained by the 3 different measurement techniques (ANOVA P=0. 14) . Figure 1A through 1F shows the Tukey mean-difference plots comparing the 3 techniques. The biases for auscultatory and unattended automated office BP were 0.5 mm Hg (systolic) and 1. Figure 2 ). As illustrated by Figure 1G and 1H, Bland-Altmann analysis revealed just a small bias of −1.5 mm Hg systolic and 0 mm Hg diastolic. As described in Table 2 , Pearson correlation analysis showed a significant correlation of both systolic and diastolic values (systolic r=0.94, P<0.0001; diastolic r=0.91, P<0.0001).
Discussion
Differences in attended and unattended BP measurements crucially depend on the person that performs the measurement. The presence of a physician and his or her medical staffeither attractive or frightening-may induce an emotional reaction leading to an increase of BP. The more intense the emotional reaction, the more pronounced the effect on BP. We therefore hypothesized that the differences in attended and Unattended automated BP is calculated as the mean of 3 consecutive measurements. Auscultatory office BP was measured once. Home BP was calculated as the mean of 12.4±6.5 oscillometric self-measurements. Intergroup differences were analyzed by 1-way ANOVA and Tukey post hoc analysis in cohort 1 and by paired Student t tests in cohort 2. Bland-Altman analysis delivered bias and levels of agreement. Pearson correlation coefficients are provided as r. P<0.05 was regarded significant. BP indicates blood pressure. February 2018 unattended BP will be low, if measurements would be performed by a patient's personal GP or familiar medical staff. Indeed, the present cross-sectional study shows that unattended measurements do not underestimate traditional office BP in this primary care setting.
Unattended BP measurement was discussed intensely after the publication of the SPRINT study. 8 In fact, the Manual of Procedures of SPRINT did not even ask the staff to stay outside the room during measurements but only for the 5 minutes of rest before the procedure: "The staff member should leave the room during this 5-minute rest period (...). With their agreement, leave the room and return in 5 minutes. Push the button on the machine and wait for the output. Record the systolic and diastolic BP." 7 Because the device could be programmed to start measurements automatically after the 5 minutes delay, it cannot be excluded that the staff member indeed stayed out of the room in some research centers. Therefore, the present study analyzed the differences between the 2 approaches. We decided to take conventional office BP before the 3 automated measurements because we wanted the measurements to take place as usual under real life conditions. A time of >5 minutes of rest in a quiet room before the measurements is presumably not compatible with daily clinical practice in most of the offices. Evidently, this predefined order of measurements can cause bias as well, but it seems rather improbable that it leads to lower office BP values.
The technique of unattended automated BP measurement aims at the highest level of objectivity. In contrast, real life measurements constitute the net balance of the de facto BP and all the biases of improper readings including inappropriate cuff size, fast column or dial fall, digit preference, and potentially less accurate upper arm or hand wrist devices. Despite all these limitations, exactly these BP values guide antihypertensive therapy. Therefore, we explicitly refrained from any kind of training of medical staff or patients to obtain real life conditions.
In a subgroup of ≈10% of the SPRINT population, who underwent ambulatory BP monitoring at the 27th month of the follow-up, systolic clinic BP was comparable to 24 hour-systolic BP (intense arm, 119.7±12.8 versus 122.7±12.0 mm Hg; standard arm, 135.5±13.8 mm Hg versus 134.0±11.8 mm Hg) and even lower than daytime systolic BP (7 mm Hg in intensive treatment and 3 mm Hg in standard treatment group). 13 Data comparing unattended to attended office BP with actual oscillometric BP monitors, however, were lacking until the work of Filipovský et al. 10 The observed difference of 16 mm Hg in systolic BP raised considerable interest during the discussion on the impact of SPRINT on future hypertension guidelines. 3, 10 It rendered support to be reluctant to adapt treatment targets because addition of these 16 mm Hg to the <120 mm Hg in the intense BP group would translate into <136 mm Hg, similar to the current recommendation <140 mm Hg. 8 Following this idea, SPRINT would not have explored new BP targets but simply confirmed the former ones.
The work by Filipovský et al 10 was designed and completed before the publication of the SPRINT study and the approach differed from the SPRINT measurement technique in the BP monitor and the number of measurement repetitions. Measurements took place in a hypertension center and not a primary care institution. Indeed, the person taking the measurement in the office is essential for BP results. For example, it has been demonstrated that a new doctor's visit raises BP by a mean of 22 mm Hg within the first minutes, a phenomenon that attenuates within 5 to 10 minutes. 14 Interestingly, BP raised less with a nurse's visit. Thus, the extent of the patient's trepidation and therefore the extent of the white-coat effect indeed depend on the contact person in the office. Our findings show that the difference between manual and unattended BP is low, if the patient is familiar with both office and medical staff. This phenomenon can also be observed, if BP of a first visit of a new doctor is compared with the following ones. A mean fall of 15 mm Hg systolic and 7 mm Hg diastolic has been described by the third visit with some subjects even not achieving stable values until the sixth visit. 15, 16 Interestingly, these 15 mm Hg are almost exactly the difference between Filipovský et al 10 and our bias comparing unattended to attended systolic office BP in either a specialized hypertension center or a familiar GP's office. All of the patients enrolled to our study were being treated by their clinicians for years.
To validate our findings and to finally exclude any other influences on BP except the presence of the observer, the second cohort was investigated. In this cohort, attended and unattended BP were measured by the same automated device. The systolic bias of −1.5 mm Hg and the diastolic bias of 0 mm Hg were comparable to the low difference of manual and unobserved automated BP. These results confirm that a familiar medical environment indeed minimizes the difference of attended and unattended BP. An unknown healthcare provider or medical staff of the office can be a major determinant of the previously reported large disparities between manual and unobserved automated BP measurements.
The Omron monitors were programmed to start a sequence of 3 measurements after 5 minutes of unattended rest-a procedure identical to the SPRINT measurement. The mean systolic attended BP was only 0.5 mm Hg higher than the manual office BP. Previous large hypertension trials like HOT, SPS3, and ACCORD measured office BP in an automated manner as well-in case of the ACCORD trial even with the same monitor as in SPRINT. [17] [18] [19] In contrast to SPRINT, however, measurements were initiated personally. In the Filipovský et al article, 10 unattended systolic office BP was not only lower than manual office BP but even 6 mm Hg lower than home BP. Hence, there is not only no white-coat effect but even a masked hypertension phenomenon. Masked hypertension is typically observed in subjects with a high level of physical or psychological stress at work or at home. [20] [21] [22] Moreover, sedentary, obese individuals may have poor exercise tolerance during daily activities leading to higher BP at home or at work than at rest in a medical environment. 22, 23 Indeed, the population in the study of Filipovský et al 10 is younger (61 years) than both the SPRINT (68 years) and our population (69 years). Body mass index is not provided, whereas it is almost identical in the SPRINT and the present cohort (29.9 versus 28.9 kg/m 2 ). Both office measurements led to higher values than home BP in our study. The observed systolic difference of 9 mm Hg is equivalent to the difference of manual office and home BP in the Filipovský et al article. 10 The population of the present study differed in 2 aspects from the SPRINT cohort, diabetes mellitus and stroke were no exclusion criteria. Thus, 28.5% were diabetics and 9.5% had a history of stroke. This does not explain, however, the different findings in the Filipovský et al 10 study population, which included 27.4% diabetics and 5.1% subjects with a history of stroke as well. Hence, the familiar medical environment remains the critical disparity between the 2 cohorts. In conclusion, the present study presents real world data on the effect of unattended BP measurement in GPs' primary care healthcare institutions. Our findings show that the difference between unattended and manual office BP is low, if the patient is familiar with the office and its medical staff.
Perspectives
Based on the present results, the real life difference of unattended and conventional office BP measurement may have been overestimated. The hypothesis that the lower treatment arm in SPRINT translates into systolic BP <136 mm Hg 8 is not compatible with these findings. These data should be considered in the ongoing discussion on the generalization of the SPRINT findings.
